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0 Production of liquid iron. 

0 The invention relates to a method and arrangement for 
producing liquid iron in an electric melter or furnace 00). The 
method and arrangement relate to producing liquid Iron in 
the electric melter (10) utilising highly reduced sponge iron, 
which is defined as sponge iron resulting from reduction of 
iron bearing material, and having a degree of metallisation 
being in excess of 60%. (Metallisation is expressed as 
analysed metallic iron divided by analysed total iron). The 
meth d and arrangement relate to transferring the highly 
reduced sponge iron, together with at least some residual 
carbon, to a melter (10) in a hot state and substantially in the 
absence of oxygen. This avoids heat loss and reoxidation. 
The highly reduced sponge iron and residual carbon are then 
passed in a controlled manner (35) into the melter (10). 
where one or more electrodes (30) operate in a low 
resistance mode. 
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BACKGROUND TO THE INVENTION 
This invention relates to improvements in the prod- 
uction of liquid iron in an electric f-urnace of melter. 

It is well accepted that there are a number of met- 
5 hods and arrangements relating to Tnelting iron bearing 
materials, which utilise iron bearing materials in 
a partially reduced state. This then means that a re- 
asonably substantial amount of further reduction (and 
the consequential use of further power) must take 
• 10 place in the furnace or melter which is used for 

the production of liquid iron. As a result this req- 
uires high energy and power consiimption which can be 
both a practical and economic problem. In addition, 
when such partially reduced onaterials are used 'in 
15 the production of liquid iron, further reduction. of 

such iron bearing materials has shown that the carbon 

i 

. content of the resultant liquid iron has been low and j 
in some cases insufficient for further satisfactory ! 
processing, 

20 Further, in methods and arrangements used up until 

this tdlme, where partially reduced iron bearing mater- 
ials have been used, there has been a problem with 
the type of iron bearing materials or ores that could 
be used. Thus, because of the difficulties inherent 

25 in using some iron bearing materials (particularly 
when in a partially reduced state) , time and effort 
has been required in the selection of the iron bearing 
materials, or feedstock. This is because certain 
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materials (such as for exarople titaniferous iron sand) 
have noi-. been able to be effectively -used in the 
prod-uction of liquid iron -using methods and arrange- 
ments used -up -until this time. In soremethods used 
•up -until this time, the -use of such iron bearing 
materials has made it very difficult (if not imposs- 
ible) from a practical point of view, to accurately 
and adequately control the content and nature of the 
resultant liquid iron. 

In addition, there has been a real problem in 
using fine iron bearing material. Where partially re- 
duced material is used in a furnace or melter, sub- 
stantial amounts of gases are formed during reduction 
within the furnace, and below the surface of "{ihe slag, 
formed on top of the liquid iron. The gas thus evolved, 
is the result of the only partially reduced nature of 
the iron bearing material and has up until this time, 
caused explosions and slag blows and boils within 
the furnace or melter. Where fine iron bearing material 
has been experimented with, it has been found inapp- 
ropriate in such processes involving the use of part- 
ially reduced material . The fine iron bearing mat- 
erial or ore forming a slag, presents problems in 
that the gases below the surface will easily pass up and 
rupture through the slag of the fine material, this 
again causing explosions and slag blows and boils 
within the furnace or melter. This has detracted from 
the efficiency and general operation of methods and 
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arrangements xitilising partially reduced material, 
as used -up until this tiiBe. 

By way of exarople only^ in methods and arrangements 
used up until this tiane, those skilled in the art would ' 
have generally been reluctant to utilise partially 
reduced iron bearing Tnaterial which included by way of 
example only, between 10% and 20% (by weight) below 
ezm in size. It will be appreciated therefore^ that 
methods and arrangements -used up until this time have 
not been able to take advantage of a large amount of 
iron bearing material, due to the deficiencies and 
problems associated with the methods and arrangements 
used and known up until this time. 

As referred to hereinbefore, a further and very 
real problem associated with methods and arrangements 
used up until this time, is that where only partially 
reduced iron bearing material is used in a furnace 
or melter, the energy consumption is high and a large 
amount of gas is formed. Thus, not only is this a 
20 problem from an economic and power supply point of view, 
but the carbon content of the resultant liquid iron 
(resulting that is from the electric furnace) has in 
nimierous cases been insufficient or. at least unsatis- 
factory, for further processing or use. 
25 is ap object of this invention to provide a 

method and arrangement- for producing liquid iron in an 
electric furnace or onelter which overcomes or at least 
minimises the problems encountered up until this time. 
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It is a further object oX this invention to 
provide a method and arrangement for the production of 
liquid iron in an electric furnace or melter which 
is straight forward and efficient in operation. 

5 Other objects of this invention will become 

apparent from the following description. 
SUMMARY OF THE INVENTION 
Throughout the specification and claims^ reference j 
is made to '"highly reduced sponge iron" . This tenrm ' 

10 is hereinafter defined throughout the specification 

and claims as sponge iron resulting from reduction and 
having a degree of metallisation in excess of 60%, 
In this regard, metallisation is expressed as analysed 
metallic iron divided by analysed total iron.. As refer - 
red to herein, methods and arrangements used up until 

15 this time have used partially reduced sponge iron which \ 
has normally been less than 50% metallised. 

According to one aspect of this invention, there j 
is provided a method of producing Ifquid iron in an i 
electric melter, using highly reduced sponge iron 
(as herein defined) • 

20 According to a further aspect of this invention, 

there is provided a method of producing liquid iron [ 
in an electric melter, wherein highly reduced sponge | 
iron (as herein defined) is transferred to said melter 
in a hot state with residual carbon, without signific- 
ant temperature loss or re-roxidation . 
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According to a further aspect of this invention, 
there i^ provided a method of producing liquid iron in 
an electric luelter, including transferring hot, highly 
reduced sponge iron (as herein defined) , with some res- 
5 idual carbon to the melter, sub^antially in the 

absence of oxygen; thereafter controlling the passing of 
the highly reduced sponge iron and carbon into said inelter. 

According to a further aspect of this invention 
there is provided an arrangement for the production of 
10 liquid iron including an electric jnelter having one 
or more electrodes therein; means being provided to 
transfer hot; highly reduced sponge iron (as herein 
defined) and residual carbon to said m.elter sub- 
stantially iji the absence of oxj^gen. 
JL5 BHIEF DESCRIPTION OF THE DI^WINGS 

The invention will be described by way of example 
only, and with reference to the accompanying drawings ^ 
wherein; 



Figure 1 ; is a diagrammatic view of a 



20 



process route according to one 



form of the invention. 



Figure 2t 



is a view of a melter as used in 



one form of the present invention . 



* Figure 3 c 



is a view of an example of a hot tran- 
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sfer vessel for use in accordance 



with one form of the present 



invention. 
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DESCRIPTION or THE PREFERHED EMBODIMENTS 
OF THE INVENTION 

The present invention relates to the production 
of liquid iron in an electric furnace or melter, 
(hereinafter referred to throughout the specification 
and claims, as a "melter") , casing sponge iron which has 
been highly reduced by reduction, such as in an app- 
ropriate reduction apparatus, arrangement, or kiln. As 
referred to hereinbefore, the term "highly reduced 
sponge iron", is herein defined throughout the specif- 
ication and claims, as sponge iron with a degree of 
metallisation in eaccess of 60%, with metallisationbeing 
expressed as analysed Toetallic iron divided by analvsed 
total iron. This definition of "highly reduced sponge 
iron", is used throughout the specification and claims, 
to differentiate from other known processes that use 
partially reduced sponge iron, this being normally 
less than 50% anetallised (typically 20% to 40%.)- 
Prior art literature and industrial practice disclose 
that electric melters have been fed with cold and hot 
partially reduced iron ore ^ or other materials^ 
The reduction of these materials has however typically 
been from 20% to 40% and thus the material has not 
previously been highly reduced as is required and 
disclosed by the present invention. In addition, it 
is also well documented that highly reduced ores can 
very easily reoxidise (with the consequent rapid rise 
in temperature that leads to scintering and agglomer- 
ation of the reduced material) . 
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It has been found in experiinentation that it is 
preferable that the highly red-uced sponge iron of the 
present invention have a degree of inetaUisation beinrj 
above 75%. It has been further found that a 
5 tiuetaUisation range of between 85% to 87% is particularly 
desirable. It should be appreciated however that this 
level of metallisation above 60% may change with diff- 
erent ore analysis. 

The present invention therefore provides a method 
20 and arrangement for the production of liquid iron 

-using an electric melter, wherein an amount of highly 
reduced sponge iron is fed to the melter. The highly 
reduced sponge iron is preferably transferred to the 
melter in a hot state with residual carbon resulting 
15 from a previous reduction process (such as in a 

reduction apparatus or kiln) . This then provides 
residual carbon and s-uperheat to assist in the hot 
transfer of the highly reduced sponge iron from the 
kiln to the melter. It also allows the liquid iron 
20 to be in a form having sufficient superheat and carbon, 
suitable for fiirther steelmaking processes. 

mixlG reference is made to the highly reduced 
sponge iron being transferred in a hot state, and there- 
after being passed into a melter, it should be 
25 appreciated that the transfer and passage into the 

melter need not necessarily be at high temperatures. It 
should be further appreciated however, that if hot 
transfer and passage into the melter does not take 
place, a risk of re-oxidation increases; in addition. 
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additional energy and power will be required in the 
TOelter , 

The highly reduced sponge iron with residual car- 
bon is transferred to the anelter in a hot state, pref- 
erably by iDeans of one or Tnore appropriate transfer ves 
sels, substantially in the absence of oxygen. Thus, the 
highly reduced sponge iron is transferred from the kiln 
to the Tnelter without any major temperature loss and 
without any significant reoxidation. 

One of the real problems with processes used 
up until this tiane, has been the substantial energy 
r«guirements. In particular substantial electrical 
energy requirements. Thus, by transferring the highly 
reduced sponge iron to the melter, in a hot state and 
substantially in the absence of oxygen, there is 
a significant reduction in the requirement for elec- 
trical energy by the ooelter for the melting of the 
sponge iron. In addition, and as referred to herein- 
before, a relatively high level of carbon is provided 
in the liquid iron, which is particularly suitable for 
further steelroaking processes. 

The present invention also allows for the use of 
highly reduced sponge iron in a fine form, (which 
has not been realistically possible up until this 
tiioe) . The highly reduced sponge iron is also able 
to be melted effectivley due to the relatively low 
volumes of gas generated in the melter, from the highly 
reduced sponge iron. Any gases evolved or formed in 
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the TDelter (which ^.xe relati-yrely small coTnpared with 
the aroount of gases evolved in prior methods and 
arrangements), are able to escape through the fine 
Toaterial^ fonning at least part of a liquid slag 
within the inelter, without (or at least substantially 
reducing)- the danger of explosions or slag boils or 
blows. As w.-ill be appreciated, this is a substantial 
advantage oyer previous and known methods and arrange- 
ments. In add.it ioa, .the TDethod and arrangeiqei^j:.. of the 
present invention allows a substantially open pool or 
area of molten slag to form in a reaction zone or area 
(substantially about and adjacent to one or more 
electrodes in the melter) . This also allows at least 
some of the gas formed, to escape through the pool, 
without the need to permeate through the slag. 

In -use, it is envisaged that the size of the fine 
. ore or iron bearing material will be such that gener- 
ally about 60% (by weight) of the material will be 
between D.06 microns and for example 212 microns • It 
is envisaged that material -used in large scale plants 
will allow for larger lumps of agglomeration of up to 
for example ISOmra. 

Examples of the size of the iron ore, or iron 
bearing material used in trials are for example: 
+300 microns 15% 
+212-^300 microns 7% 
+150-212 microns 23% 
+106-1.50 microns 42% 
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+75-206 microns 23% 
+53-75 microns J% 
-53 microns Nil 

The ability of the present invention to \itilise 
presently used ores and fine ores (not previously cons- 
idered suitable or appropriate) y means that the preseiit 
invention has a fax greater application and an ability 
to use a veiry great range of iron bearing materials . 

The method and arrangement of the present 
invention also provides for hot, highly reduced, sponge 
iron to be fed or passed into the melter, in a 
controlled manner, through suitable control means, 
(such as valving, screw feeds or vibratory feeds) , so 
that the amount of highly reduced sponge iron being 
fed into the melter is able to be closely controlled 
and monitored. In this manner ^ the power supplied to 
the one or more electrodes, for melting within the 
melter, can be accurately matched by the energy required 
to meet the controlled feed of highly reduced sponge 
iron. This then also enables the slag and metal 
temperatures to be controlled, this contributing 
substantially to the efficiency and operation of the 
present invention. 

The power fed to the one or more electrodes of 
the melter, preferably has its voltage and current 
controlled in an appropriate manner and by appropriate 
control means, such that the total energy supplied is suf- 
ficient for melting within the melter, while the resis- 
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tance is suitably controlled. This thereby pernits a 
relatively high carbon content liquid iron to be TOade 
with valuable vanadium in solution, while no significant 
quantities of other metalloids (siich as for exarople 
silicon, titani\im or Toanganese) are present to any 

great extent. 

In a preferred foxro of the invention, the highly 
xedxiced sponge iron together with residual carbon, 
(.preferably being substantially the total kiln discharge 
with both residual carbon in the char and the highly 
reduced sponge iron being Toixed) , is hot transferred 
(that is to say transferred in a hot state subst- 
antially in the absence of oxygen) from a kiln or 
reduction housing or apparatus to the melter.. It is 
advantageous therefore, that the residual carbon in 
the char is present, in that this significantly 
assists in preventing reoxidation , This then permits 
the hot transfer to, and passage into, the melter , 
without significant heat loss or re-oxidation. It 
is to be appreciated that there is always a chance 
that some oxygen may be present or may enter a 
transfer container or vessel used for hot transfer^ 
in such a case any oxygen that may be present 
or may enter, is itnroediately combusted with some 
of the residual carbon. This then will not 
effect the highly reduced sponge iron or immediately 
effect the temperature thereof. Indeed, it has been 
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found that during the hot transfer, any oxygen present 
will combust with residual carbon and a protective 
atJDOsphere of carbon monocfJide will be generated and 
formed. This will then generally substantially 
5 prevent or Tninimise re^xidation of the highly reduced 
sponge iron. 

As will be appreciated, it is desirable that the 
highly reduced sponge iron be transferred in a hot 
state, such as from the kiln to the melter. It is 

10 also highly desirable that re-oxidation be prevented 
(or at least minimised) during such hot transfer. As 
indicated hereinbefore, iii the preferred form of the 
invention, residual carbon is transferred to the melter 
together with the highly reduced sponge iron. 

15 If however, only a small amount of carbon is 

present during the hot transfer, an artificial atmos- 
phere (such as for example a reducing gas or nitrogen) , 
can be introduced into the container or vessel used 
for the hot transfer, this preventing or minimising 

20 contact between oxygen and the highly reduced sponge 
iron. Such a reducing gas or nitrogen will then act 
as a sxibstitute for (or in addition to) , the carbon. 
It should be appreciated that the provision of nitro- 
gen is a highly desirable safety feature, to prevent 

25 damage to plant when the kiln discharge is not fully 
under control (isuch as for example during start up, 
shut down, or -under emergency situations such as 
pov;er failure) . 



.13-. 0134852 

Referring to Figure 1 of the accompanvinq drawings , 
it will be seen that fine iron ore and coal are used 
to form the highly redxiced sponge iron. As referred 
to hereinbefore, the present invention allows for the 

5 use of fine iron ores and fine iron bearing materials , 
such materials not having been capable of effective 
-use -up -until this time. Preferably, coal is used in 
the reduction process, this avoiding use of expensive 
electrical power and thus saving on energy costs. 

10 As will be appreciated from the foregoing 

description, the iron bearing material (preferably in 
a relatively fine form) , is highly reduced (s\2ch as 
herein defined) . The highly reduced sponge iron pre- 
ferably together with residual carbon, is then 

15 transferred in a hot state and substantially in the 
absence of oxygen to one or more melters . 

The slag is removed from the iron melters and 
is tipped. Iron from the melters passes to a steel 
making vessel, whereafter it is formed into slabs. In 

20 the preferred form of the invention as shown in Figure 
1 of the accompanying drawings, the molten metal from 
the iron melter is passed into a ladle, for the 
recovery of valuable elements sxich as vanadium. Slag 
from the steel making vessel is taken or passed to 

25 one or more appropriate tips. 

The highly reduced sponge iron (as herein defined) , 
preferably together with residual carbon, is 
transferred to a melter, preferably in a hot condition 
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and substantially in the absence of oxygen, in one 
or more appropriate vessels or buckets. In 
alternative forms of the invention , the hot highly 
reduced sponge iron can be transferred by way of 
enclosed conveyors, or other suitable containers. 
In the preferred fprm of the invention, it is however 
important that the highly reduced sponge iron be 
transferred in a hot condition and without any sub- 
stantial 02cidation taking place. Thus, in this 
way, the highly reduced sponge iron and residiaal carbon 
entering or passing into the melter is still in a hot 
condition having superheat properties, and still 
having valuable carbon properties. 

Referring to Figxires 2 and 3 of the accompanying 
drawings, an appropriate vessel 1 used for the hot 
transfer is shown. The vessel 1 has a main body portion, 
with angled or slanted lowered sides 2, the vessel 
having at least one inlet port 3 at an upper end 
thereof, and an outlet port 4 at the lower end thereof. 
The inlet and outlet ports 3 and 4 are provided with 
air-tight or sealable closures so as to prevent the 
ingress of oxygen into the container 1, during the pass- 
age of the hot, highly reduced^ sponge iron (into and 
from the vessel 1) , 

For example the vessel 1 is positively located un- 
der a hopper or bunker (not shown) at the end of ^ or. 
connected to, a Jciln, and into which the highly reduced 
sponge iron and carbon are passed from the kiln, (and 
held prior to hot transfer) , A lower end of the kiln 
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hopper is provided with a suitable airtight or scala- 
ble valving arrangement, which engages in an air. tight 
seal, with the inlet port 3, so that the hot and 
highly reduced sponge iron passes from the hopper 
into the transfer vessel D. , in a siabstantially oxygen 
free manner. The port 3 is then closed, avoiding 
as far as possible the ingress of any oxygen. The 
transfer vessel 1 thereby holds the charge of hot high- 
ly reduced sponge iron and carbon in a substantial 
oxygen free enviromoent , and is transferred or 
transported to a melter 10 in any appropriate method 
and by any appropriate loeans , The vessel 1 is then 
placed over or adjacent the ooelter 10, so that 
the -outlet 4 of the vessel 1 is capable of engag-- 
ing with an inlet 11 into the -melter. Preferably, 
the melter 10 is provided with a plurality of 
inlets 11 in an upper surface or roof thereof. 
This will be described further hereinafter. 

The lower or bottom end la of the vessel 1 is 
provided with a valve 15 such as shown in Figure 3 of 
the accompanying drawings , so that on the outlet 4 
of the vessel and the inlet 11 of the melter 10 
being juxtaposed in a sealed position relative to 
each other, a sliding valve 15 is moved laterally, 
allowing matter to pass from the transfer vessel 1 
into the melter inlet 11, The valving arrangement 
15 includes for example a plate 16 with a handle 
17 at one end thereof, the plate 16 being capable 
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of beinq juoved laterally of the transfer vessel 1 
within a qroove or space, between sorinq loaded seals 
as, which abutt aqainst adjacent surfaces of the 
plate 16, thus forminq a substantially air tiqht seal. 
To open the arranqement the handle 17 is qripped 
and the plate 16 is ooaved laterally outwardly^ (such 
as in the direction of arrow "A" in Figure 3 of the 
drawings). This then opens the outlet 4 and allows 
it to coirmrunicate with the inlet 11 of the melter 10. 
Once it is desired to close the opening from the vessel 
1^ the handle 17 is gripped and the plate pushed or 
slid inwardly, (so, that it is in- a position subst- 
antially as shown in Figiire 3 of the drawings) 
and into a position in which the outlet 4 frour the 
vessel 1 will be closed and sealed. An overflow 
chaiuber 4a is provided at the lower end of the vessel 
1 and adjacent a material discharge outlet 4 so 
that excess material gathered around the outlet* 4 
(which material will be moved laterally or sideways 
on the plate 16 being closed) , will be able to over- 
flow or exit -through the overflow chamber .4a) : 

The above is however by way of example only. It 
should be appreciated that any appropriate and eff- 
ective sealing arrangement and associated control or 
operating means can be provided in conjunction with the 
inlet and/or outlet to the hot transfer vessel. A plur- 
ality of transfer vessels . can be used in conjunction 
with a plurality of inlets 11, into the melter 10, 
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if desired. 

The vessel 2 is a refractory lined container, of 
any appropriate shape and configuration, although 
one example of a shape and configuration is shown in 
Figure 2 of the accompanying drawings, this allowing' 
for straight forward and efficient transfer from the 
highly reduced sponge iron from a kiln to the melter. 

If desired, one or more sealable inlets ,2a 
can be provided in the transfer vessel 1, to allow for 
the ingress or entry of excess carbon, or one or more 
inert gases (such as a supply of nitrogen) ; especially 
to allow for the entry of nitrogen into the container 
should this be desired (such as for the purpose of 
maintaining a relative high carbon content and high 
temperature during transfer) , 

During experimentation, the handling of hot reduced 
primary concentrate in various char mixtures ranging 
from 0 to 10% (by weight) has been extensively tested, 
measured and observed* For example with batches of . 
up to 1300 kg in a pilot plant, at the completion of 
a reduction test, the reduced primary concentrate 
was tipped or removed by way of an enclosed chute and 
gate valve into the top .of a refractory lined trans-- 
fer container or vessel. The temperat\ire range varied 
from between BOO^C and lOOO^C, The refractory lined 
container had a lower conical section, and a sealed 
slide valve arrangement used to allow or permit the 
hot material to discharge or pass into a melter inlet 
arrangement. This will be described further herein- 
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after. 

As has been described hereinbefore, even a relat - 
ively small amount of char or residual carbon, present 
with the highly reduced sponge iron, will rapidly 
forra a protective blanket of carbon monoxide, over 
the highly reduced sponge iron, (this preventing or at 
least oniniOTising xeoxidation) . Reference has been 
anade to an enclosed and substantially oxygen free 
container or vessel, but it should be appreciated that 
an open topped container or vessel could be used. For 
example, an open topped container or vessel, carrying 
highly reduced _sponge iron , (together with an amount 
of char or residual carbon from the kiln) , is likely 
to have a protective blanket" of carbon monoxide formed 
over the highly reduced sponge iron (by the residual 
15 carbon reacting with the oxygen) , this maintaining 
required heat and carbon content in the highly 
reduced sponge iron. 

For example, if a container is open topped, the 
carbon monoxide so formed will burn to carbon dioxide 
20 and the surface will rapidly cool down to a temperature 
below which, significant further reoxidation will not 
occur. Further, it should be appreciated that any 
reoxidation that does occur would be restricted to 
a top layer of the material in the container, 
which will thereafter crust over and prevent or 
25 at least Tninimise further reoxidation of the material 
beneath the top layer or crust. 
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In use however, and in the pr ef err ecTforiD of the 
invention, when the container orvessel is sealed in a 
substantially p^qen free luanner, very -minor (if any) 
reo^idation is likely to occur, 
5 It should be appreciated that if any significant 

amount of air is admitted into the container, reoxid- 
ation can be severe which can in turn lead to localised 
overheatinq and iscinterinqr together of the oxidised 
material, 

10 It is therefore preferred that the container be 

substantially oxygen free, and that the valving assoc- 
iated with the container or vessel be such as to allow 
for a substantially air tight or oxygen free environment 
within. the container or vessel. 

15 In one form of the invention, and utilising a 

container having a capacity of for example 10 tonnes 
of highly reduced sponge iron and residual carbon^ the 
following parameters were followed: 

Temperature tested 600-1000 

20 Metallisation 78%-92% 

Char (Residual carbon) 
(By Weight) : 0%-lO% 

Percent carbon 
(By Weight) : 0-8% 

In this case, measured loss of metallisation for 
25 the container or vessel was betv;een 0 and 2%, the hold- 
ing time being for a period of up to 8 hours , 

The melter 10 of the present invention is an 
appropriate refractory lined housing having a base 26, 
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side walls 27 and a roof or upper surface 28; one or 
Tnore (and preferably ^ pl-urality of spaced apart) 
electrodes 30 are located and housed within the 
melter 10, the electrodes 30 being spaced apart from 
the underside 26a of the base, or bottom 26 of the 
melter 3.0 . 

Suitable outlets . are provided in sides of the 
melter 10, adjacent the base thereof, the outlets 
32 and 33 allow for the tapping and release of slag 
and liquid iron, from within the melter 10. 

At an -upper end or surface of the melter 10, 
preferably passing through the top or upper surface 
28 thereof, one or more inlets 11 are provided so 
that highly reduced feed stock can be inserted* or 
passed into the melter 10. 

The inlets 11 are controlled inlets, provided 
with feed control means 35 such as in the form of a 
vibratory feed, a screw feed or some other appropriate 
means. Preferably, they are operable by an appropriate 
prime mover or power means, and associated with 
adjacent or spaced apart appropriate control means 
to control the speed and operation of the controlled 
feed means 35. For example, manual controls or elect- 
rical, electronic or hydraulic controls can be used. 
The controlled feed means 35 are provided within a 
feed housing member outwardly of the melter 10, 
the inlets 11 leading into and from the controlled 
feed means 35 into the onelter 10 . 
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In the preferred form of the invention and as 
shown in Figure 2 of the accompanying drawings^ the 
inlets 11 are adapted to be connected (as at 11a) , 
in a substantially oxygen free or airtight manner, 
to a lower end of a hot transfer vessel 1, to be 
controlled fed into the -jnelter 10, such as described 
herein by way of example. In other forms of the 
invention however, it is envisaged that other suitable 
transfer means can be -used to control the feed of 
the highly reduced sponge iron from a vessel 1, to 
the melter. 

For example, in. one form of the invention, a 
conveyor can be provided being a sealed conveyor or 
a tubular conveyor, which is provided with an internal 
vibratory belt or screw feed, which is capable of 
being controlled externally thereof, by suitable 
control means, so that the amount of highly reduced 
sponge iron being passed through the conveyor and 
into the melter is controlled. Also appropriate 
control valves and the like can be used. 

It is however, an advantage of the present inv- 
ention that the passage of highly reduced sponge iron 
and carbon into the melter 10 is able to be controlled 
and monitored by the feed control means 35, so that 
the amount of highly reduced sponge iron entering the 
melter 10 can be controlled and monitored. Up until 
this time, no effective means have been provided for 
controlling the amount of such feedstock entering 
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into melters and this has created problems with control. 
In addition of course^ and as referred to hereinbefore 
such feedstock entering melters up until this time has 
not been highly reduced, and thus a substantial amount 
of reduction has also taken place in the melter, in 
comparison with the present invention where the 
feedstock or highly reduced sponge iron has already 
been substantially reduced prior to entry into the 
melter. Thus, up until this time, there have been 
problems in controlling and determining the standard 
(and in particular carbon content) of liquid iron. 
The present invention overcomes, or minimises this pro- 
blem. 

Up until this time, the substantial amounts of 
feedstock or partially reduced sponge iron that have 
passed into meltexs have also created problems with 
control, having regard to the fact that a substantial 
amount of further reduction has been required in the 
melter; this has resulted in the production of a 
substantial amount of gas which has caused explosions 
and slag boils and blpws within the melter. This has 
also resulted in excess power being required to maintain 
high temperatures . Thus , there have been various problems 
in maintaining quality and control factors relating to 
carbon content within the -melters • 

In the present invention, where the feedstock is 
already highly reduced, and where passage into the melt- 
er is cible to be controlled (together with the operat- 
ing resistance within the melter) , these problems do 
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not arise (or are ininiinal)^ so that there is' a 
facility for a far greater degree of control and effic- 
iency. Samples of the slag or liquid iron can be taken 
at any time^ and if it is desired to increase a carbon 

5 rate, excess or additional carbon can be entered 

through the inlets 11 in a controlled manner. On the 
other hand^ if it is desired to increase oxygen levels 
within the melter, additional ore or oxygen can be 
entered ina controlled onanner also. Again, it will be 

10 appreciated that this has not been possible in 

previous melters, in that the combination of ore 
and a source of carbon has merely been entered or 
passed into the melter^ following which reduction took 
place to a substantial extent within the melter, without 

15 the facility for control, that is provided by the 
present invention. 

It has been found in the present invention that 
by controlling the input of the highly reduced feedstock, 
a burden 40 forms at the sides within the melter 10, 

20 above a lower liquid iron layer and an upper layer of 
molten slag. 

In the present invention, the one or more elect- 
rodes 30 extend into the melter 10 and preferably extend 
below the surface 38 of the liquid slag. It has been 
25 found that in use this is more efficient in the 

product of liquid iron^ in that by having the ends 30a 
of the electrodes 30 submerged in the liquid slag, 
radiation transfer from the electrodes 30 to the inner 
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surfaces of the melter 10 is substantially reduced, this 
in turn reducing or minimising refractory damage. 

In addition, it has been found that by submerging 
the ends of the electrodes 30 in the liquid slag, 
more effective turbulence is imparted to the slag 
during operation of the onelter 10. In addition, it 
allows for a more effective heat transfer. 

In the present invention # the operation of the 
melter 10 has been found to be particularly effective 
by controlling both the input of the highly reduced 
feedstock, and by a suitable selection of operating 
resistance together with electrical voltages, or 
currents, this thereby allowing the carbon content 
of the resultant liquid iron to be accurately 'and 
easily controlled to whatever level is desired. In 
particular to whatever level is desired for subsequent 
steel making processes. Furthermore, by controll- 
ing the same electrical parameters^ the slag and liquid 
iron temperatures can be easily controlled to give 
temperatures that make both constituents suitable 
for f-urther handling. This therefore allows the 
process to operate continuously and efficiently. 

These same electrical parameters also permit 
control of . the reduction within the slag of the 
melter 6f other oxides, such as for example vanaditim, 
silicon , titanium and manganese to provide the 
liquid iron with required levels of dissolved oxides 
and solution that are suitable for example for sxibse- 
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quent steel making operations. 

Thus, it has been found most effective in the 
present invention to operate the electrodes 30 in a low 
resistance mode, for the reasons set out above and to 
5 apply effective appropriate turbulence in the operational 
or reaction zones about the one or more electrodes. 

It should be appreciated that within the melter 10 
various chemical reactions are constantly occxaring, 
these serving to give rise to a steady evolution of gas, 
10 At all times , there are various reduction reactions bet- 
ween residual iron oxide that has not been fully reduced 
to metallic iron in the previous direct reduction 
step, and carbon from the char, that reacts to form 
carbon monoxide, 
15 In a basic form, the reactions can be expressed 

by way of example as: 

Metal Oxide + Carbon — > Metal + Carbon Monoxide. 

Some of these reactions in detail can be exp- 
ressed as ; 

20 

FeO + C — >* Fe + CO 
Si02 + 2C — > Si + 2CO 
Ti0 2 + 2C — > Ti + 2CO 
V203 + 3C — ^ 2V + 3CO 

25 

It should be appreciated that the reduced metal 
oxides dissolve into liquid pig iron that has melted. 
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It has been found that by controlling the slag 
temperature and the ajoount of carbon that is 
contained in the char, (or fed with the highly reduced 
sponge iron) , the reduction of the metal oxides can be 
5 effectively controlled to give selective reduction of 
Vcmadium and iron into the liquid pig iron together 
with significant amounts of carbon without 
excessive amounts of silicon and titanium, by well known 
laws or thermodynamics commonly expressed as FREE 
10 ENERGY diagrams. 

As referred to hereinbefore, the use of the highly 
reduced sponge iron (and in addition the minimal reduc-- 
tion of silicon and titanium) , )ceeps the amount of gas 
evolved in the melter to a minimum (especially 
15 in comparison with known methods and arrangements) , 
this avoiding, or at least minimising, the 
possibility of gas explosions or slag blows, with 
fine grain feedstock that is preferably used. 

The gas that is evolved, tends to escape through 
20 small molten pools 50 which form immediately and adja- 
cent a reaction zone about the electrodes 30 
where the gas can therefore b\ibble through the molten 
slag and escape to the surface atmosphere above the 
molten slag. In bubbling through the molten slag 
layer, escaping gas provides additional mixing and st- 
25 irring, in addition to that imparted by the one or more 
electrodes 30 this, aiding in the homogenisation of 
the chemical composition and temperature of the slag. 
It is found therefore, that the controlled feed 
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of the highly reduced sponge iron and the parameters 
referred to hereinbefore, result in a reaction zones in 
the form of small onolten pools 50 immediately adjacent 
or about the one or -more electrodes 30, the reaction 
zone(s) having turbulence imparted thereto by' the elect- 
rode (sV... -and any escaping gases (as referred to above). 

From pilot plant experimentation, the molten pool 
area from which gas is able to escape is formed or 
provided around one or more electrodes 30. For example 
three electrodes, were provided and a pool was formed 
around and betv/een the electrodes. Trials carried 
out with only two electrodes show that gas tends to es- 
cape from the reaction zone iTOmediately adjacent the 
electrodes and the area directly between each' elect- 
rode which takes on a substantially dumbbell shape. 

In one form of the invention it is envisaged that 
a plurality of electrodes may be provided; for 
example six electrodes in a substantially rectangular 
xoelter. The electrodes can for example be six 
electrodes in line. It is anticipated that the gas 
will evolve around each electrode and substantially 
along the centre line of the melter between the 
electrodes , 

Experimentation carried out has demonstrated that 
there is a substantial relationship between temperature 
and the reduction of metal oxides that can be effected 
by the carbon in the molten slag (as predicted by 
thermodynamics) , Slag temperature should therefore 
be kept as low as possible to minimise the reduction 
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of silica and titanium, but not so low that viscosity 
becomes excessive and reduction of vanadium trioxide 
does not occur . 

We have found that satisfactory operation can 

5 occur in the range for example of 1950°C to 1600^C 

slag temperature, with a higher temperature being required 
in a pilot plant 1 tonne, or melter, compared with a 
55 tonne furnace, due to higher heat losses. It is. 
considered that a full scale operation should operate. 

10 in the range of slag temperature of 1420^C to about 
1550^C. 

As referred to hereinbefore, it has been found 
in experimentation that the controlled feed of 
carbon with the highly reduced sponge iron is an- import- 
15 ant control parameter, in order to maintain correct 

slag chemistry, that gives an appropriate low viscosity 
at *low temperatures. Thus, it has been found that, 
entry of excessive carbon into the slag, will (as pre- 
dicted from concentration effects in thermodynamics) , 

20 give an excessively reducing ^•'ituation. It is desirable 
therefore, to maintain t/xe slag with between 2 and 4% - . 
(by weight) FeO as yixis has been found to significantly 
reduce the visco/ ity and allow operation at reiativeLy low 
slag temperature;., while still- maintaining good mixing 

25 and homogenisati: n of chemistry and temperature within 
the slag. 

Referring t( the slag, it has been found in 
experimentation .n a pilot plant operation, that slag 
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depths of up to 200iiun do not appear to have any signify- 
leant Undesirable effects, provided viscosity is relat-- 
ivelv low and a qood xiixino is maintained. 

In a 55 tonne firrnace situation, slaq depths of 

5 up to 500 *OTfn have been found to work satisfactorily. 

During experimentation^ it has been found that 
trials with electrodes of a30-300nrm diameter in a pilot 
plant and 460 mxa diameter in a 55 tonne furnace have 
shown no difference in operation of the process . 

10 Various current densities have been experimented 

with, and it has been found that it is appropriate to 
use known electrodes sxich as for example soderberg 
electrodes , using about 5 amps per square centimeter 
of electrode cross section. In other forms of exper- 
imentation it has been found that current densities 
ranging from 6 amps per square centimeter to 35 amps 
per square centimeter of electrode cross section 
have worked satisfactorily. 

Hereinafter set out by way of example, is data 
and information relating to the dimensions and para- 
meters referred to hereinbefore in trials, carried 

20 out on 1 tonne and 55 tonne furnaces respectively. 
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The invention has been described by way of. 
example only and improvements and TDOdif ications may 
be made without departing from the scooe or soirit 
thereof, as defined by the appended claims. 
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CLAIMS : 

1. A otjethod of producing liquid iron in an electric 
Ttielter (10)^ -using hig^hly reduced sponge iron (as herein 
defined) • 

5 2, A method as claiined in claiiu 1, using an iron bearr- 
ing Tnaterial wherein about 60% (by weight) of the 
material is between 106 Tuicrons and 222 onicrons in size. 
3t A method as claimed in claim 1, wherein the highly 
reduced sponge iron is transferred to the melter (10) , 

20 substantially in the absence of oxygen, in one or more 
transfer vessels (.1) and at a temperature of 
between SOO^C and aoOO^C, 

4. A method as claimed in claim i, wherein the highly 
reduced sponge iron is transferred to the melter (10) 

15 together with the residual carbon; thereafter con- 
trolled amounts of said highly reduced sponge iron and 
riesidual carbon being passed into said melter (10) . 

5. A method as claimed in claim 1, wherein the highly 
reduced sponge iron and residual carbon are transferred 

20 t:o said melter (10) in a hot state; thereafter control- 
led amounts pf said highly reduced sponge iron and 
residual carbon being passed into said melter (10); 
carbon content of resultant liquid iron in said 
melter being determined by said controlled passage of 

25 said highly reduced sponge iron and residual carbon 
and by controlling operating resistance within said 
melter (10) , 

6. A method as claimed in claixp 1, wherein said 
highly reduced sponge iron, together with residual 
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carbon, are transferred to the jDetler (JO) substantially 
in the absence of oxygen; controlled amounts of highly 
reduced sponge iron and residxial carbon thereafter 
being passed into said melter (10); one or more elect- 
rodes (30) in said Toelter (10) being operated in a low 
resistance TDOde. 

7. A -roethod as claimed in claim 1/ using an iron bearing 
material wherein about 60% (by weight) of the material 
is between 106 microns and 212 microns in size; said 
highly reduced sponge iron and at least some residual 
carbon being transferred to said melter (10) substant- 
ially in the absence of oxygen; controlled amounts of 
said highly reduced sponge iron and residual carbon 
thereafter being passed into said melter (10); one 

or more electrodes (.30) in said melter (10) being 
operated in a low reisistance mode; substantially 
liquid pools (50) forming about and adjacent 
said one or more electrodes (30) within said melter (10) . 

8. An arrangement for the production of liquid iron^ 
including an electric melter (iO) having one or more 
electrodes (30) therein; means (1) being provided to 
transfer hot highly reduced, sponge iron (as herein 
defined) , and residual carbon, to said melter (10) , 
substantially in the absence of. oxygen • 

9. An arrangement as claimed in claim 8, wherein 
said highly reduced sponge iron is transferred to the 
melter (10) in one or more substantially oxygen free 
vessels (1); substantially airtight inlet means (3) 
and outlet means (4) being provided to enable said 
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highly reduced sponge iron to enter into and e^cit froic 
said one or ODore vessels (1) ^ substantially without 
the ingress of oxygen, 

10. An arrangement as clatroed in claim 8, wherein said 
5 one or loore substantially oxygen free vessels (1) are 
provided to transfer said highly reduced sponge iron 
to said -roelter (10) substantially in the absence of 
oxygen; means {2a) being provided to allow the entry of 
nitrogen into said one or anore vessels . (1) , 
10 11. An arrangement as claijoed in clainj 8, wherein the 
melter (10) is provided with one or jnore controlled 
inlets (11) J the inlets (11) being associated with feed 
control Tueans (35) to allow for the controlled passage 
of said highly reduced sponge iron and carbon into said 
15 melter (.10) . 

12. An arrangement as claimed in claim 8^ wherein 
lower ends (J30a) of said one or anore electrodes (30) 
extend into and below the surface of liquid slag within 
said loelterdO) , 

1.3. An arrangement as claimed in claim 8, wherein said 
20 one or more electrodes (30) in said melter (10) operate 
in a low resistance mode. 
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